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Sustainable forest management (SFM) is crucial for forest ecosystem produc-
tivity and conservation, especially in systems such as cork oak (Quercus suber
L.) threatened by human activities and biotic and abiotic factors. In this study
SFM indicators with particular reference to cork oak forests in the region of
Sardinia (Italy) are proposed and tested. Sustainable and responsible manage-
ment options specifically aimed at cork oak forest management and chain of
custody certification are also provided. A set of ten indicators was proposed
and assessed by an expert panel in cork oak management. Five indicators were
also tested against data on structure, origin, health condition and management
in 285 forest compartments managed by FoReSTAS (Regional Forest Agency for
Land and Environment of Sardinia,  Italy),  including 361 sampling plots  and
5345 trees. In order to investigate the priorities and perceptions of SFM ex-
perts and stakeholders, a survey was also carried out by completion of a ques-
tionnaire on the technical issues of cork oak woodland management. The sur-
vey results highlighted a need to improve environmental and economic perfor-
mance by means of SFM and certification. The indicators tested in Sardinian
cork oak woodlands showed that about 80% of the stands fulfilled management
sustainability requirements. The suggested SFM indicators can effectively sup-
port proactive management and conservation measures, representing a valu-
able tool in the current context of growing environmental and socioeconomic
awareness.
Keywords: Quercus suber, Sustainable Forest Management, Forest Management
Planning, Non-wood Forest Products, Sardinia, Italy
Introduction
The  concept  of  sustainability  has  been
used for decades in forestry to ensure that
the  exploitation of  forest  resources  does
not exceed growth levels  and provides  a
regular long-term production of wood and
non-wood  goods.  The  term  “sustainable
forest management” (SFM) was defined in
Europe  in  1993  (Helsinki  Resolution  H1  –
MCPF 1993) and is crucial for the conserva-
tion  of  biodiversity  and  other  ecosystem
services, and it is a “key pillar of rural de-
velopment” (European Commission 2013).
Forest certification is a market-based con-
servation  tool  based  on  a  third-party  as-
sessment  of  compliance  with  sustainable
environmental  and  socio-economic  man-
agement standards. SFM is particularly im-
portant  in  Mediterranean  forest  ecosys-
tems, such as cork oak (Quercus suber L.)
woodlands,  where  a  strong  human  influ-
ence, related to past and present manage-
ment  activities,  has  shaped  forest  struc-
ture, productivity, species diversity, evolu-
tion and regeneration (Palahi et al. 2008).
Human management of  cork oak wood-
lands  has  favored  habitat  heterogeneity
and biodiversity at local and regional levels.
The  open  canopy  structure,  where  tree
density  may  be  as  low  as  60  trees  per
hectare,  and the shrubland-grassland mo-
saic  of  managed  cork  oak  forests,  inter-
mixed with the closed canopy of evergreen
trees, favor high plant and animal species
richness.  Cork  oak  savanna-type  ecosys-
tems  (named  montado,  dehesa,  azaghar,
pascolo  arborato,  meriagos in  Portugal,
Spain, North Africa, Italy and Sardinia,  re-
spectively) are protected under the Pan-Eu-
ropean  network  of  protected  areas  (Na-
tura  2000)  and  defined  as  “biodiversity-
based product systems” by the Convention
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on  Biological  Diversity.  Cork  oak  wood-
lands are characterized by a structure that
may be referred to as “one system, multi-
ple  land uses”  (Bugalho et  al.  2009),  i.e.,
jointly delivering various provisioning, reg-
ulating and cultural  services  (Palahi  et  al.
2008).
Cork oak is an evergreen species mainly
distributed in the Western Mediterranean
basin, from the Iberian peninsula (Portugal,
Spain) and North Africa (Morocco, Algeria,
Tunisia)  to  Corsica  and  Italy,  covering  2.1
million hectares (APCOR 2015). In Italy cork
oak forests cover a total of 186,344 ha (1.78
% of the total forest area  – INFC 2007), of
which 168,602 ha are cork oak-dominated
high  forests  and  17,742  ha  open  forma-
tions, with small groups of cork oak trees
mixed with other tree species. At the sub-
national  level,  cork  oak  woodlands  are
mainly  concentrated  in  Sardinia,  where
they cover 139,489 ha (INFC 2007) and can
be classed as pure stands with more than
25% canopy cover (80,489 ha  – RAS 2008)
and  mixed  stands  (57,934  ha)  with  5-25%
canopy cover, where cork oak is the domi-
nant  species  associated  with  other  tree
species  and  with  agro-silvopastoral  sys-
tems.  The  third  cork oak  forest  type,  ac-
cording  to  INFC  2007,  is  represented  by
broadleaf forests with a sporadic presence
of cork oak trees (489,877 ha in Sardinia).
In Italy, cork oak forests are also present in
Tuscany (6,142 ha concentrated along the
Tyrrhenian  coast),  Latium  (2,211  ha),  Cal-
abria (4,851 ha) and Sicily (15,541 ha – INFC
2007).
Features  and  management  of  cork  oak
ecosystems are dependent on the distinc-
tive trait of cork oak,  i.e., its bark. In Italy,
cork collection is practised at 9-12 year in-
tervals, corresponding to the average time
necessary for the trees to produce a new
bark layer approximately 30-40 mm thick.
Cork yield is determined by the circumfer-
ence of the tree stem, the harvesting fre-
quency and the length of  stem and main
branches that can be stripped. In Italy the
first  cork harvest  is  carried out when the
tree  is  approximately  30-50  years  old  or
when it reaches a conventional size (60 cm
of  stem  circumference  over  the  bark  at
1.30 m of height, according to the national
law n.759/1956 and the regional law in Sar-
dinia – RAS 1994). In the western Mediter-
ranean basin 300,000 tons of cork are har-
vested  annually,  70%  of  which  is  trans-
formed into bottle stoppers (Aronson et al.
2009,  Bugalho  et  al.  2011).  Other  minor
products include floor and wall tiles, insula-
tion material, sound-proofing in the car in-
dustry, special devices for the space indus-
try, accessories or handicrafts.
The conservation and restoration of cork
oak woodlands and implementation of sus-
tainable management actions  may be ad-
dressed by means of market tools such as
“payment for  ecosystem services” and/or
certification  of  forest  management  and
chain  of  custody  (CoC,  i.e.,  the  pathway
that leads from raw materials, through pro-
cessing to final  products,  from the forest
to the consumer), such as the Forest Stew-
ardship Council  (FSC) and Programme for
the  Endorsement  of  Forest  Certification
(PEFC) schemes. FSC certification for cork
oak  forest  management  is  currently
adopted in  Portugal,  Spain  and Italy  with
357,386, 159,695 and 66 certified hectares,
respectively  (Dalla  Vecchia  &  Pettenella
2017),  and  is  underway  in  Morocco  and
Tunisia. PEFC certification currently applies
in cork oak forests in Portugal and Spain,
for  109,058  and  21,000  ha,  respectively
(Brunori  et  al.  2017).  In  Italy  three  public
forests (over 8,000 ha, including cork oak
woodlands) managed by the Regional For-
est  Agency  for  Land and  Environment  of
Sardinia (FoReSTAS) were FSC-certified for
forest management and CoC of firewood in
the years 2011-2014. The only forest with a
valid FSC certificate in Sardinia since 2010 is
represented by 66 ha of semi-natural cork
forests owned by the public agency AGRIS
Sardegna,  Department  of  Research  for
cork  and  silviculture,  located  in  Tempio
Pausania  (province  of  Olbia-Tempio).  For
PEFC, a private forest (20 ha) owned by So-
cietà Agricola Limbara s.r.l. of Calangianus
(Olbia-Tempio) was certified for the years
2008-2013 (PEFC Italy 2015).
Certification may provide an added value
to  the  final  products,  while  safeguarding
commercial  rights  of  local  communities
and  increasing  economic  benefits.  How-
ever,  limited  knowledge  on  sustainable
cork  oak  management  practices  hinders
the application of good practices and SFM
indicators. In this light and with a view to
filling  these  knowledge  gaps,  this  study
aimed to: (i) propose a set of SFM indica-
tors specifically targeting cork oak forests
using  structural,  management  and  eco-
nomic  information  obtained  from  forest
management  plans  in  Sardinia;  (2)  define
sustainable  and  responsible  cork  oak
woodland management options and strate-
gies oriented towards cork oak forest man-
agement and CoC certification.
Material and methods
Development of the indicators
A set  of  ten  SFM indicators  specific  for
cork  oak  forests  was  defined  (Tab.  S1  in
Supplementary material) and tested using
data and information on structure, origin,
health condition and management of cork
oak stands obtained from the forest man-
agement  plans  of  FoReSTAS’  estates
(2014).
The  indicators  proposed  for  cork  oak
forests were conceived as forest manage-
ment  “performance  indicators”,  referred
to  aspects  for  which  binding  thresholds
(standard  values)  of  forest  management
sustainability  were applied.  All  the indica-
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Fig. 1 - Map of the forests
used for testing SFM indi-
cators in Sardinia (Italy).
Indicators of sustainable management of cork oak forests
tors  proposed,  along  with  the  relative
thresholds were partly derived from the lit-
erature (Cañellas & Montero 2002, Barberis
et al. 2003,  Agnoletti et al. 2004,  Costa &
Pereira 2010, Pizzurro et al. 2010, Oliveira &
Costa 2012,  Camilo-Alves et al. 2013), tech-
nical guidelines (DGRF 2005,  FSC Portugal
2012, PEFC Italy 2015) normative references
(RAS 1994), and checked and discussed by
a panel of experts in SFM, cork oak man-
agement, forest certification, cork produc-
tion, forest resources’ protection and con-
servation, working in both public  and pri-
vate sectors.
The indicators  were  identified  by  taking
into account the management issues  and
ecological features of cork oak woodlands.
The feasibility of obtaining indicators from
management  planning  data  was  also  as-
sessed.
Questionnaire survey
A  survey  to  investigate  the  perception
and priorities of stakeholders and experts
on  cork  oak  woodlands  SFM  was  carried
out. A questionnaire was drawn up and dis-
tributed  to  national  and  international
stakeholders. Eleven questions concerning
SFM and technical information on manage-
ment  of  cork  oak  stands,  plus  two ques-
tions  on  the  education  level  and  profes-
sional  specialization  of  the  interviewees,
were asked. The respondents were asked
to express their  preference on the issues
considered,  by  ranking  the  answers.  The
questionnaire was presented at the Inter-
national  Congress on Cork Oak Trees  and
Woodlands  and  3°  National  Congress  of
Cork  (25-26  May  2017,  Sassari,  Italy)  and
was completed anonymously either on pa-
per  or  online.  A  total  of  34  persons  re-
sponded to the questionnaire. The respon-
dents (23 males and 11 females) were from
Italy, Portugal and Spain. Concerning their
job  positions,  10  were  officials/technolo-
gists,  18 researchers/scientists and 6 tech-
nicians. They were all (except one person)
experienced  and  specialized  in  SFM;  28
persons usually and/or occasionally work in
cork oak management, while 6 were only
theoretically well-informed and/or inexperi-
enced on this specific issue.
Field test
A sub-set (five) of indicators were tested
in nine Sardinian forests (Fig. 1), including
cork oak woodlands managed by the pub-
lic agency FoReSTAS, for a total of 2267 ha
of cork oak forests (Tab. 1). The sub-set of
indicators  was  tested  in  285  forest  com-
partments  (2%  of  the  Sardinian  cork  oak
forests),  on  361  sampling  plots  (circular
plots  with  radius  of  13  m)  for  a  total  of
5345 cork oak trees surveyed. The indica-
tors  tested  were:  first  (indicator  3.1)  and
next (indicator 3.2) extraction height; mini-
mum  circumference  at  1.30  m  of  height
(CBH) for the first cork extraction (indica-
tor 4); age/size classes (indicator 9.1); vege-
tation cover (indicator 9.2).  Indicators 3.1,
3.2 and 4 were assessed at tree and sam-
pling  plot  levels,  while  indicators  9.1  and
9.2  were  assessed  at  the  compartment
level.
Results
Survey on SFM of cork oak woodlands
The  results  of  the  questionnaire  are
shown in Fig. 2,  Fig. 3 and Fig. 4. The need
to  improve  the  environmental  quality  of
cork oak stands and to increase their eco-
nomic revenue by means of SFM certifica-
tion is highlighted (Fig. 2B and Fig. 2F). Im-
portant limiting factors for cork extraction
are forest health and vitality and the pro-
tective functions of forests (20% of the re-
sponses  quote  “moderately  limiting  fac-
tor”  – Fig. 3A). The general perception on
the current  conditions of  cork oak wood-
lands is that they need slight improvement
to achieve management sustainability (80%
of the responses – Fig. 2F). The main crite-
ria to achieve this goal are to improve for-
est health and vitality (44% of responses as
“very  important”  – Fig.  3B),  biological  di-
versity  (32%  of  responses  as  “very  impor-
tant”)  and  socio-economic  functions  of
cork oak stands (24% of responses as “very
important”). A reduction in cork extraction
height  below  2.5  times  the  CBH  (Fig.  2C)
and an increase in the CBH over 60 cm for
the first cork extraction (Fig. 2D) are con-
sidered to slightly improve the sustainabil-
ity of the management. The use of only na-
tural regeneration is considered to improve
management  sustainability  (Fig.  2E),  as
well  as  an  increase  of  understory  cover
(Fig. 4A) and limitation of mechanical oper-
ations in stands with  a slope higher  than
15% (Fig. 4B). Finally, heterogeneous stand
structures (Fig.  4C) are perceived as rela-
tively more sustainably managed than ho-
mogenous ones.
Field test of sustainability indicators
As for the evaluation of the “first extrac-
tion height” (indicator 3.1), the test in Sar-
dinian cork oak forests shows that 3.3% of
cork oak trees do not comply with the pro-
posed threshold. Plots that do not comply
with this indicator, are 10.9% and 4.7% con-
taining a number of trees out of standard
of at least 5% and 20%, respectively.
With regard to the indicator 3.2 (“next ex-
traction height”), the test shows that 0.7%
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Tab. 1 - Structural and management characteristics of the forests used to test a subset of SFM indicators of specific for cork oak
forests in Sardinia. (Mean CBH): mean stem circumference at breast height (1.30 m above ground); (Regeneration): regeneration of
the stands, which can be natural, either by seed or agamic ( i.e., through sprouts after cutting), artificial (planting) or both (mixed).
(Average slope): assessed by weighted mean over areas with different slope within the considered stand; (Cork production): low
<100 kg ha-1yr-1; average, 100-200 kg ha-1yr-1; high >200 kg ha-1yr-1.
Forest
district Municipality
Cork oak
forest
area (ha)
Cork oak
density
(tree ha-1)
Mean
CBH (cm)
Mean
height
(m)
Regeneration
Average
canopy
cover (%)
Average
slope
(%)
Cork
production
Buddusò Alà dei Sardi, Monti, 
Berchidda, Buddusò
338 425 67.2 6.22 mixed 43.9 12.9 high
Castagno Aritzo, Tonara, Belvì, 
Sorgono
142 620 96 8.08 natural 67 37.3 average
Goceano Bono, Bottida, Anela, 
Bultei
644 735 80 6.39 natural 
(agamic)
71.6 18.6 average
Gutturu Mannu Pula, Villa San Pietro, 
Domus de Maria, Sarroch
21 610 72.3 6.59 artificial 60 28.1 high
Limbara Berchidda 273 630 55.1 5.31 natural 41.4 30.3 high
Linas Villacidro, Iglesias, 
Domuisnovas, 
Gonnosfanadiga
315 710 55.2 4.85 artificial 56.2 32.1 low
Marganai Dosmunovas, Iglesias e 
Fluminimaggiore
41 1240 70 7.81 mixed 87.5 30.0 low
Oasi di Tepilora Bitti, Alà dei Sardi, Torpé 194 620 64.7 5.60 mixed 63.3 20.3 low
Settefratelli Burcei, San Vito, Sinnai 299 1135 49 5.05 mixed 67.7 29.3 average
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of trees and 5.8% of plots, with at least 5%
of  trees  out  of  standard,  do  not  comply
with the proposed standard. If we consider
plots with at least 20% of trees out of stan-
dard, the number of plots where the cork
extraction  height  is  more  than  2.5  times
the CBH decreases to 1.8%.
The  “minimum  circumference  over  the
bark at 1.30 m stem height for the first cork
extraction” (indicator  4)  shows that  8.9%
of cork oaks have been exploited with a cir-
cumference lower than 60 cm. Plots out of
standard are 26.5% or 13.5%, if we consider
the thresholds of 5% or 20% of trees out of
standard within each plot, respectively.
671 iForest 11: 668-674
Fig. 2 - Results of the question-
naire on SFM of cork oak 
forests. Panels (A to F) show 
the percentage given to each 
answer type by national and 
international stakeholders to 
the following questions: (A) 
“To what extent can SFM certi-
fication of cork oak forests 
increase environmental qual-
ity?”; (B) “To what extent can 
SFM certification of cork oak 
forests increase economic rev-
enues?”; (C) “Reduction in cork
extraction height below 2.5 
times the CBH improve man-
agement sustainability?”; (D) 
“Can the increase of CBH over 
60 cm for the first cork extrac-
tion improve management sus-
tainability?”; (E) “Can exclusive 
use of natural regeneration 
improve management sustain-
ability?”; (F) “Is cork oak man-
agement already sustainable?”. 
Under (A-E), (1): cannot im-
prove; (2): improves; (3): slight-
ly improves; (4): moderately 
improves; (5): strongly im-
proves.
Fig. 3 - Results of the questionnaire on SFM 
of cork oak forests. Panels (A, B) show the 
percentage of answers given by national 
and international stakeholders to the fol-
lowing questions: (A) “Which of the follow-
ing SFM criteria are limiting factors for cork 
extraction?”; (B) “Which of the following 
SFM criteria are important factors to make 
cork oak management more sustainable?”. 
Under (A), (1): not limiting; (2): limiting; (3): 
slightly limiting; (4): moderately limiting; (5):
strongly limiting. Under (B), (1): not impor-
tant; (2): important; (3): slightly important; 
(4): moderately important; (5): very impor-
tant. Under (B), (nr): no response.
iF
or
es
t 
– 
B
io
ge
os
ci
en
ce
s 
an
d 
Fo
re
st
ry
Indicators of sustainable management of cork oak forests
Finally,  the  indicator  “age/size  classes”
(indicator 9.1) shows that 15.6% of the cork
oak forests considered are out of the stan-
dard  of  50-1000  cork  oaks  ha-1 with  CBH
higher  than  30  cm.  A  similar  number  of
plots  out  of  standard  (15.2%)  was  also
found  for  the  indicator  9.2  “vegetation
cover”.
Discussion
The survey has shown that the most rele-
vant aspects to be considered for sustain-
able management of cork oak systems are
health and vitality of the trees and biologi-
cal diversity of the stands. Continuous bark
stripping  may  alter  tree  physiology  and
damage  health  if  cambial  tissues  are  af-
fected;  moreover,  intensive  pruning  and
excessive debarking,  particularly  in young
or  stressed  trees,  may  cause  significant
damage (Acácio  & Holmgren 2014).  Local
forest  laws (RAS 1994)  or  guidelines  pro-
vided  by  associations  of  cork  producers
(e.g., DGRF 2005 and CPF 2014 in Spain, AP-
COR 2015 in Portugal) regulate the period
and minimum stem size of  trees  for  cork
harvesting, cork extraction frequency, the
first and next extraction height. However,
these  parameters  often  vary  among  and
within  countries  (e.g.,  in  Spain  there  are
guidelines for cork oak management spe-
cific  to Catalonia),  dispersed and strongly
related  to  traditional  rural  practices.  The
latter may not appropriately take into ac-
count  upcoming  issues  and  possible  ex-
treme events,  especially  those  related  to
climate  change  (e.g.,  drought  events,  in-
sect  and  pathogen  attacks  – Costa  et  al.
2016, Oliveira et al. 2016).
An  internationally  recognized  and  well
defined  set  of  management  models  for
cork  oak  woodlands,  aimed  at  reducing
their vulnerability and improving their sus-
tainability, is still missing (Sedda et al. 2011,
Acácio & Holmgren 2014). The SFM indica-
tors proposed and tested in this study may
contribute towards the recognition of cor-
rect  management  options  for  cork  oak
forests, particularly in view of SFM certifi-
cation.  The latter,  considers the presence
of a management plan as a mandatory re-
quirement,  at  least  at  the  forest  district
level, in order to identify, organize and im-
plement management interventions.
The proposed indicators  related to cork
production (indicators 1-4, 6) aim to avoid
tree  over-exploitation.  Practices  such  as
excessive debarking (i.e., the collection of
large amounts of cork per tree), or debark-
ing stressed trees or trees with small stem
size  at  breast  height  are  often  driven  by
unsustainable  productive  purposes  or  by
unskilled  personnel  involved  in  cork  har-
vesting (Catry et al. 2012). Our recommen-
dation to employ experienced personnel in
cork extraction (indicator 8.4) aims to en-
sure, on the one hand, good quality of the
work and, on the other, to favor the em-
ployment of local people, with positive so-
cio-economic effects.
Appropriate  grazing  management  is  es-
sential for the regeneration and conserva-
tion of cork oak stands (Arosa et al. 2017).
Besides not always being under appropri-
ate control,  grazing is  often regulated by
local laws that provide generic rules with-
out  taking  into  account  the  site-specific
ecological  conditions  of  cork  oak  stands
and the type  and number  of  grazing ani-
mals per unit area. In Sardinia an increase
in  grazing  activities,  especially  related  to
sheep-milk production, may have negative
effects in this  respect (Ruju 2002,  Dettori
et al. 2001). Hence, suitable grazing regula-
tions  (indicator  5)  should  be  included
among  the  management  practices  to  be
adopted for sustainable cork oak systems.
Biotic and abiotic stress factors and erro-
neous  management  practices,  including
the use of heavy farm machinery to till and
prepare the soil  for crop cultivation,  may
significantly  affect  the  productivity  and
conservation  of  cork  oaks  (Arosa  et  al.
2017). Several authors report a general de-
graded condition of  cork  oaks,  known as
oak  decline  (Branco  &  Ramos  2009,  Mo-
ricca et al.  2016).  Good practices, such as
pruning  to  remove  dead  branches  and
avoiding  debarking  stressed  or  damaged
trees (indicators 8.2 and 8.3, respectively),
should  be  adopted  to  limit  diseases  and
further  stress  conditions  and  to  improve
stand stability and productivity.
A  relevant  factor  for  conservation  and
management of  Mediterranean woodland
is fire, considering both its occurrence and
recurrence  (Mancini  et  al.  2017).  In  Sar-
dinia, fire recurrence is the major damaging
factor for cork oak woodlands (Ricotta &
Di Vito 2014,  Salis et al. 2017), though this
species has high fire  resistance thanks  to
its thermal insulating bark and its capacity
to re-sprout after fire. In fact, in the event
of recurrent  fires  both gamic  and agamic
regeneration  are  seriously  affected  and
stands  may be compromised  (Sirca  et  al.
2015). We highlight the importance of fire
management,  with  ad hoc indicators  (fire
management),  taking  into  account  both
prevention and post-fire  actions.  In  areas
where forest fires are frequent, understory
vegetation should be reduced to limit the
conditions that may facilitate the shift from
surface  fires  to  dangerous  crown  fires
(Corona  et  al.  2015)  and  cork  extraction
should be suspended for at least one year
in burnt stands.
Cork oak seedlings and young oak trees
can be damaged by grazing of wild herbi-
vores  and  livestock,  by  competition  with
other tree species and by the use of farm
machinery.  The  regeneration  of  cork  oak
deserves  special  attention  in  stand  man-
agement. The indicators 5, 9.2, 9.3 consider
such critical aspects, providing sustainable
management  solutions  to  harmonize  the
different forest and farming goals of cork
oak systems.
Cork oak forests are characterized by dif-
ferent  stand  structures:  in  Sardinia  and
northeastern Spain cork oaks mainly grow
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questionnaire on SFM of
cork oak forests. Panels 
(A to C) show the per-
centage of each answer 
type given by national 
and international stake-
holders to the following 
questions: (A) “Can an 
increase in shrub under-
story cover improve 
management sustain-
ability?’; (B) “Can ban-
ning any mechanical soil 
operation over 15% of 
slope improve manage-
ment sustainability?’; (C)
“Is heterogeneous cork 
oak stand structure 
(more CBH classes and 
discontinuous cover) 
more sustainable with 
respect to a homoge-
neous one?’. Under (A) 
and (B), (1): cannot 
improve; (2): improves; 
(3): slightly improves; 
(4): moderately im-
proves; (5): strongly 
improves. (CBH): cir-
cumference over the 
bark at 1.30 m above the
ground.
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in pure and mixed stands with an average
overall  density  of  around  500  cork  trees
per hectare,  whereas in Portugal  and the
rest of Spain there are often open stands
(i.e.,  savanna-like  woodlands)  with  densi-
ties  as  low as  60 cork trees  per  hectare.
Pizzurro et al. (2010) found that stand den-
sity affects cork productivity and cork qual-
ity,  the  latter  being  higher  in  less  dense
stands.  In private stands,  the density can
be reduced in order to achieve higher cork
production levels  with better quality.  The
proposed  indicator  “Maximum  reduction
of  tree  density  (tree  number  and  basal
area)  at  forest  management  level”  has
been  elaborated  to  limit  this  type  of  ex-
ploitation of cork oak stands.
Finally,  for  the stability  and productivity
of cork oak systems it is important to take
into  account  the  age/size  of  trees.  The
age/size classes proposed in this study (in-
dicator 9.1)  are in accordance with  Palma
et al. (2015), reporting how forest manage-
ment adaptation strategies optimizing tree
density could increase cork productivity un-
der future climate change scenarios.
Conclusions
The  fate  of  cork  oak  trees,  ecosystems
and  landscapes  depend  in  large  part  on
pragmatic  issues  of  land-uses  and  eco-
nomic tradeoffs. Yet the way people think
and feel about the trees and landscapes is
important  as  well.  Ethics,  cultural  values
and identity play a relevant role in the way
people  act,  along  with  short-term  eco-
nomic  evaluations.  Socio-ecological  inte-
gration,  achieved  by  means of  SFM,  may
make cork oak woodlands potentially more
resistant  to  market  fluctuations.  Diverse
socioeconomic contexts and cork oak man-
agement systems may be integrated with
sustainable strategies and tools for future
management scenarios in a rapidly chang-
ing  world.  Under  such  perspectives,  the
SFM indicators proposed and tested in the
present study can support proactive man-
agement  and  conservation  measures,  in
the  current  context  of  growing  environ-
mental and socioeconomic awareness.
The  results  of  the  questionnaire  carried
out have shown the current  relevance of
such issues  as perceived by  both experts
and stakeholders. At the same time, the re-
sults  of  the  field  survey  in  Sardinia  have
highlighted  that,  albeit  compliance  with
sustainability  standards  already  largely
holds  for  most  cork  oak  forests,  there  is
significant room for management improve-
ment.
The  set  of  indicators  proposed  suitably
fits with the International Criteria of Small
and  Low  Intensity  Managed  Forests
(SLIMF), which refers to the FSC scheme,
and  with  the  Sustainable  Forest  Manage-
ment certification Standard developed for
Italian forests (PEFC Italy 2015). From this
perspective, the proposed set of indicators
are not only a reference for management
improvement,  but  also  provide  valuable
support  for  cork  marketing  strategies  to-
wards the general public.  SFM and forest
certification are strictly  related aspects in
the  forestry  sector  and  share  the  same
aims: both focus on the implementation of
an  appropriate  (sustainable)  forest  man-
agement  that  takes  into  account ecologi-
cal,  economic  and  social  issues.  Further-
more, certification aims to track the origin
of forest products and represents a tool to
potentially reinforce the cork oak market.
Finally,  it  should  be  noted  that  cork  oak
systems can provide not only cork and non-
woody forest products,  but can also sup-
port recreational and tourism activities, es-
pecially  in  SFM-  and certified-forests  (Val-
lejo et al. 2009), for both local people living
in nearby cities and international tourists.
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